Restriction endonuclease analysis was carried out on the chloroplast (ct) DNA of 11 species belonging to three subgenera of genus Prunus which includes most common flower trees in Japan, namely, "Sakura" (P, yedoensis and others) and "Ume" (P, mume). The ctDNA isolated from fresh leaves was digested with three endonucleases, BamHI, HindIII, and SmaI, and electrophoresed using agarose slab gel. The ctDNAs of the three subgenera had different restriction fragment patterns. In the subgenus Cerasus, two ctDNA types were found, one type in P. yedoensis and P, pendula, and the other in P. lannesiana, P, apetana, P. verecunda and P. sargentii.
INTRODUCTION
Comparison of restriction fragment patterns of chloroplast (ct) DNA among different plant species has become a useful tool in the study on their phylogenetic relationships, due to strong conservatism of ctDNA (Kung et al. 1982; Gordon et al. 1982 and others) , and it may be extremely useful for studies on woody plants, because other genetic means are usually difficult to apply to such large plants whose life-span is so large. However, few phylogenetic 1) Contribution from the Laboratory of Genetics, Faculty of Agriculture, Kyoto University, Japan, No. 482. The work was supported in part by a Grant-in-Aid (No. 60400005) from the Ministry of Education, Science and Culture, Japan. 2) Present address: Plant Research Laboratory, Sapporo Breweries Co. Ltd. studies have been done so far on woody plants with this new tool except in the genus Cofea (Berthou et al. 1983 ). The genus Prunus is an interesting and important taxon for testing the usefulness of this tool because it includes two most popular flower trees in Japan, i. e., "Sakura" and "Ume".
The main purposes of the present study on ctDNA variation among the selected Prunus species are (1) the identification of their phylogenetic relationships, and (2) the determination of the female parent (=cytoplasm donor) of P, yedoensis (Someiyoshino), the most widely cultivated flower cherry in Japan.
MATERIALS AND METHODS

Plant materials:
Prunus species used in the present ctDNA analysis are shown in Table 1 , including their Japanese names, somatic chromosome numbers and sources.
Chloroplast isolation and ctDNA extraction: About 200g fresh leaves were collected from a single tree in each species, except P. yedoensis, for which five plants grown in two different locations were sampled. The leaves collected were brought back to our laboratory in ice, and preserved at 5°C until Table 1 . Prunus species used in the present investigation chloroplast isolation. The ctDNA was isolated from the leaves using the method of Ogihara and Tsunewaki (1982) after the following modification; main veins were removed before homogenization, and the homogenate was filtrated through two instead of four layers of cheesecloth for faster filtration because of its stickiness.
Restriction endonuclease analysis: Three restriction endonucleases, BamHI, HindIII and SmaI, each of which recognizes a specific six-base-pair sequence for cleavage, were used. Enzymatic digestion and agarose gel electrophoresis of the digests were performed according to Ogihara and Tsunewaki (1982) .
Estimation
of the molecular sizes of restriction fragments: From the photograph of the restriction fragment pattern of ctDNA, the mobility of each fragment from the origin was measured, based on which its molecular size was estimated.
Mobilities of the HindIII-digested lambda-DNA fragments and the ctDNA fragments of a common wheat cultivar (Triticum aestivum cv. Asakazekomugi) digested with the same endonuclease, of which molecular sizes are all known, were referred to in the estimation of the molecular size.
Estimation of the genetic similarity between chloroplast genomes of different species: Two parameters were used, namely, percent differential restriction fragments and Engels' genetic distance. Percent differential restriction fragments (pi;) were calculated by the formula pa di' X 100, 9 nz+n, where ni and n; are the total fragment numbers observed in three restriction patterns of the ith and j th species, and is the number of differential fragments found between the two species.
Genetic distance, p, was estimated after Engels (1981) . Details of the method were as reported by Terachi et al. (1984) .
3. RESULTS
Restriction endonuclease analysis of chloroplast DNAs isolated from 11
Prunus species
As shown in Figs. 1-3, five, seven and six different restriction patterns were obtained from the BamHI-, HindIII-and SmaI-digested ctDNAs of 11 Prunus species, respectively. Tables 2-4 show the estimated molecular size and copy number of the individual fragments.
Judging from these results, chloroplast genomes of the 11 species can be classified into the following seven groups; Group 1: P. pendula and P. yedoensis Group 2: P, lannesiana, P, apetana, P. verecunda and P. sargentii Group 3: P. buergeriana Group 4: P. grayana Group 5: P, padus Group 6: P. ssiori Group 7: P. mume Chloroplast genome sizes of all 11 species are assumed to be about 140 kbp, based on the SmaI digests.
Other digests occasionally give smaller estimation due to the formation of some smaller fragments than 1 kbp.
Interplant ctDNA variation in P, yedoensis
The number of trees available for sample collection was very limited in all species but P, yedoensis. Thus, the intraspecific variation of ctDNA was studied only with this species. Because the HindIII digestion disclosed the largest ctDNA variation among the 11 Prunus species, only the HindIII restriction pattern was investigated using ctDNAs from different P. yedoensis individuals. Of five trees studied, dour (lane a to d) were grown in the Kamigamo Research Station of Kyoto University Forest at Kamigamo, whereas the last one (lane e) was located in the main campus of the Faculty of Agri- culture, Kyoto University at Kitashirakawa, both in Kyoto. As is clear from Fig. 4 , the five plants showed no difference in the HindIIl restriction patterns of their ctDNA.
Phylogenetic relationship among 11 Prunus species based on the ctDNA restriction data
From the data presented in Tables 2 to 4 , the number of the identical as well as differential restriction fragments raised with each endonuclease was counted for each pair of chloroplast genomes, together with the total fragment number for each genome. Table 5 shows the total and differential fragment numbers, both pooled for all three endonuclease digests, together with the percent differential fragments. Table 6 shows the genetic distance (p) estimated between each pair of chloroplast genomes after Engels (1981) . Both the percent; differential fragments and the genetic distance show very close relationships between all species belonging to the same subgenera, Table 6 . Genetic distances between the chloroplast genomes of 11 Prunus species; estimated from the BamHI, Hindlll and Smal restriction patterns of their ctDNA after En gels (1981) Interspecific relationship between chloroplast genomes of the 11 Prunus species was drawn in the form of dendrograms (Fig. 5) by applying the unweighted pair-group mean method for the percent differential fragments and genetic distances. Chloroplast genomes of 11 Prunus species were divided into three groups that perfectly corresponded to the three subgenera. Four species of the subgenus Padus were further divided into two subgroups, P. buergeriana and P. grayana vs. P. Padus and P, ssiori. groups (sgp, in abbreviation); Yamazakura (P. lannesiana, P. verecunda and P, sargentii), Chojizakura (P, apetana), Higanzakura (P, pendula), Kanhizakura, Mamezakura and Miyamazakura (no species of the last three subgroups was included in the present study). Our findings showed that the first two subgroups have the same chloroplast genome, whereas sgp. Higanzakura has a slightly different chloroplast genome. The chloroplast genome has not differentiated so greatly in this subgenus.
Subgenus Padus: The genetic distances observed between chloroplast genomes of four Padus species are all larger than those obtained between the three subgroups of Cerasus. Thus, we may conclude that the species of this subgenus have diversified from each other in a much greater extent than those of the subgenus Cerasus.
P. padus and P. ssiori are greatly differentiated from P. buergeriana and P, grayana. This is in good agreement with the fact that P. buergeriana and P. grayana grow almost everywhere in Japan, whereas P. padus and P, ssiori are distributed only in northern Japan (Honda and Hayashi 1974) .
Subgenus Armeniaca: P, mume, the only species studied in this subgenus, shows a little closer relation to subgenus Cerasus than to Padus. However, other species of the same subgenus must be analyzed before any critical statement can be made on the phylogenetic status of this subgenus.
Cytoplasm donor to P, yedoensis
This species is the most common cherry cultivar for blossoms. According to Takenaka (1962) , it is believed to have been derived from Oshima Island, Izu Islands, Japan or from Jeju Island, Korea. After morphological comparison between the related species, Takenaka concluded that P, yedoensis is a natural hybrid between P, lannesiana and P. pendula (Takenaka 1962 (Takenaka , 1963 . In fact, he produced several hybrids between the two species, and found that some of them resemble P. yedoensis. His view is supported by the presence of P, yedoensis-like trees in Izu Peninsula where the distributions of P, lannesiana and P. pendula overlap (Takenaka 1962) .
All five individuals of P..yedoensis and P, pendula had identical HindIII restriction patterns, having a unique 14.9 kbp fragment, that is cleaved into 11.9 and 2.9 kbp fragments in P, lannesiana. We can accept Takenaka's hypothesis that P, yedoensis is an interspecific hybrid between P, pendula and P, lannesiana, and conclude that P, pendula was the female parent, whereas P, lannesiana served as the pollen parent in the origin of P, yedoensis.
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